Quantitative ultrasound is increasingly used to assess bone status in adults and children; however, few studies have been carried out in neonates. Our objective was to determine if tibial bone speed of sound (SOS) correlates with gestational age and birth anthropometrics, and if bone SOS is related to maternal factors.
INTRODUCTION
Osteopenia of prematurity occurs when bone mineral content in a postnatal infant is significantly decreased compared to that seen in a fetus or infant of comparable size or gestational age. 1 Preterm infants miss in part or completely the period of greatest mineral accretion. Owing to improving survival rates among extremely premature infants, osteopenia of prematurity is being recognized with increasing frequency. It may occur in as many as one-half of all infants with birth weights less than 1000 g. 1 Backstrom et al. 2 reported that 24% of infants with birth weight less than 1500 g had fractures.
While prevention of osteopenia remains the goal, there is a critical need for effective screening techniques to identify neonates who are at risk of developing osteopenia and who require interventions. Although laboratory testing can be useful to suggest that osteopenia is present, biochemical testing is not definitive, and the correlation between radiologic changes and alkaline phosphatase activity is poor. 1 Dual photon X-ray absorptiometry (DXA), the ''gold standard'' for assessing bone mineralization, is expensive, requires exposure to radiation and sedation, and transport of the sick premature infants out of the neonatal intensive care unit. In addition, small preterm infants cannot be assessed by DXA.
Quantitative ultrasound (QUS), on the other hand, is a relatively inexpensive, portable, noninvasive and radiation-free method of evaluating bone status. Ultrasound refers to a range of frequencies that begins at the end of the audible range and extends into the megahertz range. QUS measures the time taken by the ultrasound signal to travel between two transmitters and two receivers contained within the probe. These propagation times are used by a proprietary algorithm to determine the bone speed of sound, or SOS, which is expressed as meters per second (m/s). The bone SOS is independent of soft tissue thickness and it has been suggested that QUS gives information about bone density, cortical thickness, elasticity and microarchitecture. 3 QUS was introduced in the 1980s, 4 and has been used for clinical assessment of bone status in adult and pediatric subjects. The technique has potential clinical value for assessment of bone status in premature neonates. However, data are limited regarding the use of QUS in assessing neonatal bone status.
In the present study, QUS measurements of tibial SOS were made in premature neonates, and clinical factors associated with these measurements were assessed. Maternal factors known or suspected to affect neonatal bone mineral content were also studied. We hypothesized that tibial bone SOS would correlate with gestational age and birth anthropometrics, and that bone SOS measurements would be affected by maternal factors.
METHODS
This protocol was approved by the Institutional Review Board for the Protection of Human Subjects at the University of South Florida. After the nature of the procedure was fully explained, informed consent was obtained from a parent of each enrolled infant.
Subjects
Between February 2001 and August 2002, 95 infants were enrolled. Inclusion criteria were: gestational age <37 weeks, adequate for gestational age and admission to the NICU at Tampa General Hospital. Infants with existing major congenital anomalies and known bone diseases were excluded.
Study design
This was a prospective study designed to assess factors related to bone status as measured by QUS in newborn premature infants. One set of measurements was made on each infant within the first 10 days of life. Clinical data collected included maternal obstetrical history and newborn anthropometrics.
Ultrasound measurements A Sunlight Premiere
s Quantitative Ultrasound sonometer and ''cs'' (cortex small) probe, which is appropriate for use on the premature infant's leg (Sunlight Medical Inc. Somerset, NJ), were used to assess bone status. The probe measures SOS along a 2.8 cm fixed longitudinal distance with pulse transmission at a frequency of 1.25 MHz. The measurements were made on the left tibia. The mid-tibia shaft length was determined by measuring the distance from the knee to the heel; one-half of this distance was noted, and the infant's leg was marked at that point using a medical grade marker. Ultrasound gel was applied to the leg and to the probe. Using minimal pressure, the probe was placed over the medial aspect of the midshaft tibia to obtain an SOS measurement. QUS measurements were made by one or two investigators. Three to five QUS measurements were obtained by repositioning the probe; the mean value of these measurements was used for the data analysis. If two investigators made measurements on an infant, the mean value of the two investigators' measurements was used for data analysis.
Statistical analyses
Statistical analysis was performed using SPSS (SPSS, version 8.0, SPSS Inc., Chicago, IL). Bivariate correlation was used to measure the relationship between bone SOS and gestational age, birth weight, length, head circumference, calcium levels at birth, and tibial length. Student's t-test was used to compare SOS measurements between male and female infants, and between infants whose mothers did or did not have a history of gestational diabetes, pre-eclampsia or tobacco use during pregnancy. ANOVA was used to assess the relationship between SOS measurements and parity. Prenatal steroids are administered, when possible, to women who are at high risk of delivering prematurely, and their infants are generally delivered at lower gestational ages. Therefore, an analysis of covariance that controlled for gestational age was used to compare bone SOS between infants who were or were not exposed to prenatal steroids. p-values <0.05 were considered significant. Data are reported as the mean ±SD.
RESULTS
Measurements were successfully completed on all 95 infants. Age at the time measurements were made was 2.7±1.9 days. Maternal and infant demographic data are presented in Table 1 .
Infants were evenly distributed by ethnicity. The procedure was well tolerated by all infants, and no adverse effects were noted.
There was a significant positive correlation between SOS and gestational age (r ¼ 0.569, p<0.001), birth weight (r ¼ 0.420, p<0.001), length (r ¼ 0.445, p<0.001), tibial length (r ¼ 0.352, p ¼ 0.001) and head circumference (r ¼ 0.515, p<0.001) (Figure 1 ). There was no significant relationship between SOS and history of prenatal steroid use, gestational diabetes, pre-eclampsia, race or parity. Infants of mothers who smoked during pregnancy had significantly higher bone SOS measurements compared with infants of mothers who did not smoke (3073±170 vs 2962±128 m/s, respectively, p ¼ 0.01). However, the gestational age of infants of mothers who smoked were slightly lower, which would explain, in part, the difference in SOS measurement. The interoperator precision was 1.5% (n ¼ 30 subjets).
DISCUSSION
Since the introduction of QUS, several studies have demonstrated that QUS measurements correlate positively with DXA measurements in adults 5 and in the pediatric population. [6] [7] [8] [9] Prevrhal et al. 10 also demonstrated that QUS correlated significantly with site-matched parameters of bone density as measured by quantitative computed tomography and DXA in adults. Other investigators have demonstrated significant correlations between tibial SOS and age in children aged 6-19 years. 11, 12 In our study, we found a significant positive correlation between SOS and gestational age, in agreement with two previous studies. 13, 14 In addition, we found significant positive correlations between SOS and tibial length, birth weight, length and head circumference.
While African-American adult women have higher bone density than women of other racial groups, 15, 16 we found no significant differences in tibial SOS among African-American, Caucasian and Hispanic infants. These results are in agreement with those of Koo and Hockman, 17 who found little or no effect of race on neonate lumbar spine DXA.
Several studies in animals and adults have shown detrimental effects of smoking on trabecular, but not cortical and total bone mineral content, [18] [19] [20] as well as delays in mineralization following bone injury. 21, 22 Other investigators reported no association between nicotine dose or exposure time and bone mineral density (DXA), serum mineral concentrations or concentrations of hormones related to bone metabolism in animals. [23] [24] [25] While the reason is unclear, significantly greater bone SOS measurements were found in infants of mothers who smoked during pregnancy.
Prenatal steroid administration is used to enhance fetal lung maturation, 26, 27 and postnatal steroids are used in the prevention or treatment of chronic lung disease. 28 Steroid administration, however, is associated with diminished birth weight, impaired growth, neurodevelopmental delay and increased risk of osteopenia. [29] [30] [31] [32] In our study, we found no significant difference in bone SOS between infants of women who did or did not receive treatment with prenatal steroids, suggesting that a short course of steroids prior to delivery does not affect bone status at birth.
Diabetes mellitus type I is associated with loss of bone mass in animals and adults. [33] [34] [35] While Mimouni et al. 36 reported decreased bone mineral content as measured by DXA in infants of insulin-dependent diabetic mothers, we found no difference in bone SOS measurements between infants of women who did or did not have gestational diabetes. However, the number of infants whose mothers had gestational diabetes may be too small to confirm any effect on bone status.
QUS has been validated against DXA as a useful technique for measuring bone status in adults and children. 6 Three in vivo precision studies using the Sunlight QUS machine evaluated the reproductibility of SOS measurement, and estimate the variability of these measurements between device components, different operators and repeated measurements. The results of these studies indicated a high level of reproductibility and a very narrow dispersion of the SOS measurement result. Precision and instrumental accuracy for tibial SOS measurements are reported to range from 0.32 to 0.80% and 0.25 to 0.50%, respectively. 13, [37] [38] [39] However, there are relatively few studies regarding the use of QUS in assessing bone status in infants, particularly those born prematurely.
QUS is less expensive than DXA, requires no exposure to radiation or sedation, and preliminary data suggest that it is a more reliable indicator of bone status than serum levels of phosphorus or alkaline phosphatase. 1, 13 It is portable and can be used at bedside, thus eliminating the need to transport sick neonates out of the NICU. The procedure is also well tolerated. Infants in our study had stable vital signs, including heart rate, respiratory rate and oxygen saturation, while the procedure was being performed, although, these vital signs were not methodically collected.
In summary, we found a significant, positive correlation between QUS measurements of tibial SOS and gestational age, and birth anthropometrics in newborn preterm infants. There was no significant relationship between SOS values and several factors associated with maternal obstetric history.
